T his paper reviews aspects of the teaching of Quality to undergraduate Business students to a standard that combines the requirements of the Institute of Quality Assurance (IQA), Body of Knowledge (BOK) and Six Sigma. The paper reviews the aspects of Quality that can be taught University wide. The history of the Undergraduate BA Degree in Business and Quality Management at The Nottingham Trent University is presented showing how change within the University contributed to the change in the course. The change of the course is discussed with reference to the statistical elements of Quality. Encompassing both aspects of statistical thinking and business skill is of prime importance. Knowledge transfer partnerships sponsored jointly by companies and the Department of Trade and Industry (DTI) attempt to bridge the gap between study and practice by employing graduates and providing academic guidance. Placing students in industry as part of their undergraduate studies is also effective. The reverse situation is currently supported by a large grant from the European Social Fund so that a university-based group can train employees of small to medium enterprises (SMEs) in statistical thinking skills at the university as part of the professional development of the employees.
Background
Based on Parry-Jones' New Millennium speech to the Royal Academy of Engineering, in 1999, a paper entitled "A New Way to Teach Statistics to Engineers" [9] proposes a twelve-section syllabus based around realistic engineering scenarios on the design and manufacture of a fuel filler cap. Within the syllabus are Exploratory Data Analysis (EDA), designed experiments, Statistical Process Control (SPC), regression, response surface methodology and Weibull analysis. Volunteer universities' engineering departments are being invited to look at the material with a view to running the course during the next two years.
The results of the Engineering Quality Forum survey, to establish ongoing requirements for education and competency in the field of quality management [4}, listed skills and knowledge required in engineering for new graduates and experienced engineers. The 'concepts' needs targeted by/for new graduates were mainly quality systems, teams and process improvement. The 'techniques' needs targeted by/for new graduates listed Design of Experiments, SPC, Failure Mode and Effects Analysis (FMEA), Weibull analysis, Quality Function Deployment (QFD), Fault Trace Analysis (FTA) and Duane Analysis in the top ten list. Surprisingly out of 178 responses there was no mention of root cause analysis although the 7 old and new tools were listed.
The above work was specifically geared towards the Engineering profession. It is the future business managers who have to be persuaded that the application of Quality and statistics do make an impact.
Bendell, Disney and McCollin [1] state in their paper about: the mismatch between the wants and needs of business and industry and the academic statistician's view. The former want simplicity and parsimony, while the latter, at least sometimes, wants academic respectability, interest, and hence complexity. For example, whilst engineers and managers want achievement of a specified reliability or life span, the statistician wants a model and wants to predict. Of course, prediction should be a route to achievement, but we do have to watch out for when, to the statistician, it becomes an end in itself. This mismatch is being addressed using the concept of statistical efficiency [8] .
The mismatch occurs because University Applied Statistics courses have done much to connect the teaching of statistical theory to the teaching of statistical practice -but there is still a way to go to ensure that statistical practice is focused on what the customer wants, and not on what the statistician sees as appropriate for him/her to provide. In industrial settings, the majority of problems are not solved by the use of complex statistical modelling but by providing simple tools (such as flowcharting, brainstorming, Pareto analysis) to aid the staff in understanding a problem and providing a simple costeffective solution [6] .
One solution is to take the statistics thinking and present it as a unified element into Business courses for solving real world problems. The problem is that statistics (and quality) are seen as 'too difficult' or 'too boring' by prospective undergraduates. Business tends to get around these problems by marketing products in a different light. This approach does go against the grain with some academic statisticians, however, Taguchi applied it quite successfully by showing (with his loss function) how much money was being lost (or saved) by the use of his (or Fisher's, Plackett's, etc) techniques. The Six Sigma initiative provides a framework where statistics can be seen as a tool not just for solving problems but for career progression as well. So, presenting statistics within quality, within a business context should bring more interest from prospective students.
An interesting website that details the use of statistics in quality for Business students is given in http:// weatherhead.cwru.edu/msmesb/1992Tennessee/ taylor.htm. The site states:
'to be effective in business roles, students need to be able to: 1. develop appropriate measures, data summaries and graphs for monitoring and improving process outputs, and 2. design and analyze simple experiments and surveys to assure that customer needs will constantly be met.' So far as a business improvement manager is concerned, he/she requires knowledge of constructing performance measures (attributes and variables in a business context) of process outputs and understanding related variables and interactions; defining process objectives and flowcharting; data collection, analysis and summarizing (control charts, graphical tools, etc.); presentation and feedback in the context of the Plan, Do, Check, Act (PDCA) loop. Wheeler [13] has produced an excellent book full of practical process examples to appeal to business people.
A Global Framework?
A major requirement for Quality/statistics in a Business School is one of relevance. However, topical changes in business such as Business Process Re-Engineering, Six Sigma and Benchmarking are not immediately identified by Business students as areas to study. Since the three areas that students usually concentrate on are strategy, human resources and marketing, it is important to put Quality and statistics in the context of these areas. This can now be done. Six Sigma, the Business Excellence Model and the Baldrige Award address every aspect of an organisation, and each requires a strategic change in company structure affecting human resources, accounting structures and marketing. More needs to be made of this change in the emphasis of Quality in terms of academic textbooks citing real examples of business/ quality/statistics integration. There has been little on the use of quality within the service and public sector since Rosander [11] . The British Standards Institute have only recently been re-addressing their statistical standards to become more business orientated [2] , [3] .
It is useful to compare this stance with the requirements of the Institute of Quality Assurance Body of Knowledge (BOK). (See Table 1) Its eight sections will provide a basis for the Institute's qualification criteria, and a structure for training courses and publications. These are: • Statistics: control, risk, process capability (business risk, principles of risk assessment using tools such as fault tree analysis, decision theory, FMEA, cause and effect diagrams)
• Reliability, maintainability, life-cycle, failure (background discussion of these elements with respect to quality)
• Process analysis and improvement; benchmarking • Problem diagnosis and improvement tools (Pareto, check sheets, affinity diagram, etc)
• Audit, self-assessment and appraisal processes (ISO 9000, ISO10011, European Foundation of Quality Management (EFQM), etc, Six Sigma).
For an appreciation of statistics within a quality syllabus, all of these elements need to be included but there are issues with taking this simplistic approach.
The make-up of a typical university is usually traditional departments such as Law, Engineering, Business, Construction, Health, etc. The problem arises of who teaches Quality to the students. Quality as an academic subject is still relatively new as it has typically been seen as documentation of procedures and ignored from syllabuses, at best taught as a single module describing typically aspects of Juran's control, assurance and improvement under the guises of the Quality gurus: Taguchi, Ishikawa, Deming, etc. Since the introduction of initiatives of Total Quality Management (TQM), Investors in People (IIP), EFQM, there has been more interest in the operational side of quality, whereby students can undertake assessments incorporating practice of techniques. An approach that could be taken is to integrate a series of modules in order to understand the full conceptual view of quality in any academic discipline.
Let us first look at a number of academic subjects and then classify the requirements of quality into importance to students (1=high, 4=low) and what is usually taught to whom by whom. Table 1 shows a naïve view by one of the authors. As can be seen from the table, Quality gets taught to many students from many disciplines. Suppose we were going to develop a teaching quality subject strategy under a: Define, Measure, Analyze, Improve, Control (DMAIC) umbrella. We can see under the Importance category that the Shewhart PDCA needs teaching quite early on to put students into the mind set that continuous improvement is a generic procedure they can apply to all their work: learning, courseworks, exams, placements, etc. Ideally, this concept should be taught to the students in induction week so that they can carry it on throughout their career.
However, bringing together all aspects of quality under one umbrella is extremely ambitious and requires a complete change in the views of academic management. We can see some of the problems (addressed as some of Porter's 5 forces, see Appendix) that arise if we consider the history of a course that has been running for 10 years now at The Nottingham Trent University. This course and a similar course at Salford University are amongst a very small number of UK University degree courses in Quality Management. Disney, Crabtree and Harrison [5] assessed the value of such programmes through the views of three principal stakeholders (recent graduates, present students and employers).
The Course: BA Business and Quality Management
The BA Business and Quality Management (BABQM) degree started in 1992; its first cohort graduated in 1995. The idea for the degree initially originated in the Department of Mathematics, Statistics and Operational Research and was a joint honours degree in conjunction with the Business School using core modules from the Business School and quality modules developed within the Statistics Department. There was an initial objection by staff in the Business School as it was thought that student funding was being taken from the Business School (Porter's impact of inputs on cost or differentiation), however the course was ratified at a higher management level due to the innovative character of the course.
The background of the incoming students was that typically half of the students had parents or other members of family involved in the quality management function. and the other half of the students had applied to do the general BA business studies degree, but either opted for or were placed on the BABQM degree.
Initially in the first year, students undertook a module giving the basics of quality including the work of quality gurus such as Taguchi, Ishikawa, Deming and Juran. The second year modules concentrated on the use of tools and systems ie. Ishikawa's 7 tools, statistical process control tools such as process capability and attribute and variable charts and also a module on systems incorporating ISO 9000, ISO 14001 and the Business Excellence Model. This approach was well received by students especially those who on going on to placement in the third year found out that the knowledge of the 7 tools and ISO systems were extremely beneficial to them in industry.
After the placement year, final year students undertook a module on design for quality that included design of experiments, quality function deployment, Six Sigma and the work of Shingo and other Japanese Quality gurus. There was also a module on Customer Service. The view on the significant amount of statistics on the course was that typically half the students could do and enjoyed the statistical part of course, while half didn't.
The course ran successfully for seven years producing typically 30-50 graduates who moved into different business related jobs. The full Business Studies degree was changed in 2002 to incorporate a pathway scheme including strategy, marketing, human resources and quality and at the same time the course leader for the Quality pathway changed to a non-statistician whose emphasis was to reduce the statistical content as he thought this put students off enrolling on the pathway. It is a fact that most students prefer the 'sexier' pathways anyway, so establishing a Brand Identity (Porter) of the Quality pathway, being important to industry and not heavy in theory was thought to be more attractive to students.
This change gave more work to the quality lecturing staff because there were also option modules that students not on the Quality pathway could take. These have proved quite popular, possible reasons being that one of the modules is purely coursework based, with little statistical input (200 students in 2004) and the other deals with real scenarios (train punctuality, garden centre quality).
The initial cohort for the new pathway was small (9 students -Porter's Substitutes available and Buyer information ie. knowledge of what the students thought Quality was -see Appendix) however this has increased for 2004 but this could be due to a number of reasons including random fluctuation.
The differences in teaching quality via the pathway route were that all students were given some teaching on quality in the first year and all the supposed hard content (statistics) was put into a final year module with Design of Experiments removed. The emphasis on statistics within this module has changed more to the use of the tools to solve problems rather than a prescriptive syllabus. One aspect is that initially the students are taught Quality Function Deployment (QFD), which they are very happy with, understanding all the terms, the course follows with statistical aspects, but using the same terms defined by QFD. This was initially difficult as there is no background textbook that allows students to background read on the subject, but once they catch on that terms such as variables, attributes, factor levels, interactions can be couched in English (Business speak) they seem better to understand the statistical aspects. An example of this "read across" is provided in Table 2 below. 
The advantages of teaching QFD first is that there is plenty of opportunity for the integration of the many other techniques such as survey sampling, FMEA, SPC within a Six Sigma framework.
Simulation and games can also help in embedding statistical understanding, provided they represent realistic situations or case studies. A simulation has recently been developed as part of the Pro-Enbis Thematic Network (see work package 3 of www.enbis.org/proenbis). The simulation has been used to motivate business people as to the importance of statistics and also as a training tool for students and employees alike.
Future developments
The future of quality and statistics has to be seen from a business point of view in that it is important to take control, keep up with re-inventing yourself, emphasize to students that students on placement and graduates are using these tools, emphasize the applicability of quality to marketing/ strategy/ HR and that statistics is just a part of problem solving which is the basis of business change.
There are excellent career opportunities for people with good statistical and social/business skills. Some companies prefer to select personnel on the basis of the latter and try to train the business graduate up in statistics; others feel it is safer to go the other way. There would appear to be a role for secondment into industry of undergraduate statisticians and also secondment out into University for working quantitative analysts. The knowledge transfer partnerships attempt to provide this bridge for postgraduates. The Industrial Statistics Research Unit (ISRU) is currently providing a year's practical statistical experience for an undergraduate who has completed all but the last year of a statistics degree. ISRU regularly place new undergraduates and Master's students in industry for 3-6 months. It would be good to arrange a period in a practical research unit like ISRU within a university as a standard part of graduate development programmes.
ISRU currently has a £1million programme of support from the European Social Fund (ESF) to integrate six sigma statistical thinking skills to local Small and Medium Enterprises (SMEs). The skills taught follow those in the Institute of Quality Assurance (IQA) Table 1 above. The delegates apply the skills in a project in their industry during the 6 months of the training. During the recent final presentations, one of the delegates described how his project had increased the profits of his company by over £300,000 per year. He had used the basic statistical problem solving skills of checking out all the measurements and assumptions of his company's main process. He found by plotting changes over time, that the process could effectively be speeded up by spending less time in a number of key sub-processes without detriment to the final quality of the product. The savings in time were enough to allow an extra batch to be made each week. As the company is in the happy position of being able to sell all they can produce, this meant an extra £6000 profit could be generated per week.
Summary
Some issues have been raised with the problems associated with integrating quality/statistics into a wider academic setting. The conclusions of the Disney et al [5} paper were supportive of quality degree programmes and they recommended that they should: concentrate on quality techniques and applications relevant to both service and manufacturing sectors, with a lesser emphasis on statistical quality engineering techniques. This paper has identified that as change is inevitable, so the statistician has to accommodate change to show that well-established methods are still relevant. The approach should be taken so that quality/statistics can be accepted into the wider business community, ie. conversion of statistical speak into business speak. There is much scope in addressing this integration of Business and Statistics in the writing of academic subject matter to close the gap in the language barrier between statistics and business. There is also scope in finding innovative ways to improve the integration of statistics into business and of business into statistics. Practical experience is a most effective way of ensuring skills are successfully embedded and both business and universities should aim to continually integrate the facilities they offer. 
